Creatine kinase of heart mitochondria. Control of oxidative phosphorylation by the extramitochondrial concentrations of creatine and phosphocreatine.
Defining how extramitochondrial high-energy phosphate acceptors influence the rates of heart oxidative phosphorylation is essential for understanding the control of myocardial respiration. When the production of phosphocreatine is coupled to electron transport via mitochondrial creatine kinase, the net reaction can be expressed by the balanced equation: creatine + Pi----phosphocreatine + H2O. This suggests that rates of oxygen consumption could be regulated by changes in [creatine], [Pi], or [phosphocreatine], alone or in combination. The effects of altering these metabolites upon mitochondrial rates of respiration were examined in vitro. Rat heart mitochondria were incubated in succinate-containing oxygraph medium (pH 7.2, 37 degrees C) supplemented with five combinations of creatine (1.0-20 mM), phosphocreatine (0-25 mM), and Pi (0.25-5.0 mM). In all cases, the mitochondrial creatine kinase reaction was initiated by additions of 0.5 mM ATP. To emphasize the duality of control, the results are presented as three-dimensional stereoscopic projections. Under physiological conditions, with 5.0 mM creatine, increases in Pi or decreases in phosphocreatine had little influence upon mitochondrial respiration. When phosphocreatine was held constant (15 mM), changes in [creatine] modestly stimulated respiratory rates, whereas Pi again showed little effect. With 1.0 mM Pi, respiration clearly became dependent upon changes in [creatine] and [phosphocreatine]. Initially, respiratory rates increased as a function of [creatine]. However, at [phosphocreatine] values below 10 mM, product "deinhibition" was observed, and respiratory rates rapidly increased to 80% State 3. With 2.0 mM Pi or higher, respiration could be regulated from State 4 to 100% State 3. Overall, the data show how increasing [creatine] and decreasing [phosphocreatine] influence the rates of oxidative phosphorylation when mediated by mitochondrial creatine kinase. Thus, these changes may become secondary cytoplasmic signals regulating heart oxygen consumption.